Traction force microscopy (TFM) defines a family of methods for measuring the tractions and stresses generated at the surface by adhering cells. More specifically, these techniques allow the analysis of acto-myosin-mediated cell contractility transmitted to the extracellular environment at the level of integrin adhesion points, the focal adhesions (Kechagia et al. 2019). The resulting forces, typically of the order of a few nNs, are in fact not measured directly but reconstructed from the active deformation imposed by the cell to its surroundings (Roca-Cusachs et al. 2017). To render these deformations, which develop both in-plane and out-of-plane, TFM protocols adopt compliant elastic materials featuring fiducial markers, generally in the form of fluorescent landmarks. The marker's original placement and their displacement caused by the cell activity are tracked by means of optical microscopy yielding a vectorial field as proxy of the overall deformation. Coupled to an experimental material model of the elastomer (a silicone or a hydrogel) or constitutive model, the displacement field is finally used to derive the actuating cellular forces. With this procedure, TFM enables the dynamic measurement of three dimensional (3D) stress/force fields on the substrate. While TFM methods are proving essential to investigate the mechanical aspects of complex cellular and multicellular activities, technical limitations imposed by the measurement system, the fabrication protocols, or the image post-processing still hinder their applicability to a large range of biological questions. The mechanical activity of cells involves processes occurring at small, submicron scale and with fast, subsecond dynamics, therefore requiring substantial improvement in the temporal and spatial resolution of TFM measurements. Recently, new technologies have addressed some of these outstanding points, yielding improved spatial detail and the precise placement of the optical landmarks, altogether advancing
the state of the art in TFM (Fig. 1) . Classic TFM methods use elastic substrates (where a continuum behavior is assumed) in which fluorescent nanoparticles are randomly embedded at high density upon curing or gelation. This approach has the potential to yield force maps with high sensitivity, only limited by the spatial resolution at which the information in the displacement field can be sampled. Recent reports have seen the application of super-resolution optical microscopy to disentangle the displacement of dense fluorescent nanoparticles in 3D. The use of super-resolution stimulated emission depletion (STED) microscopy combined with TFM demonstrated a 5fold improvement in rendering marker displacement yielding a much finer representation of forces compared to standard laser scanning confocal microscopy (Colin-York et al. 2016). This step forward came however at the cost of increasing the acquisition time, which now required a few minutes to gather sufficient information on the marker distribution for each field of view. The tradeoff between high spatial or temporal resolution was recently overcome by a further advancement in the imaging approach. The optimization of 3D super-resolution fluorescent structural illumination microscopy (SIM) for TFM samples achieved a submicron resolution at the speed of few seconds per field of view, yielding unprecedented details in the reconstruction of forces generated by single cells (Fig. 1a substrates comprise QD nanodiscs placed in a crystalline triangular array on a single plane at the surface of a transparent silicone substrate with tunable stiffness with elastic modulus in the 1-100 kPa range. Each of the fluorescent landmarks constitutes a point light source yielding a "bright" and intrinsically confocal signal that is well captured by standard widefield microscopes, allowing the fast (i.e., hundreds of milliseconds) acquisition of in-and out-of-plane marker displacements. Vectorial maps are generated from a single image (or a Z-stack) without the need of an experimental reference, which is instead computed in silico through an optimization algorithm. Hence, the resulting force patterns can be directly superimposed to the distribution and activity of cellular actuators obtained by immunostaining (Fig. 1d, e ). Application of this approach provided multilayered data linking force generation to focal adhesion maturation during the cell cycle Publisher's note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
